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DISCUSSION ON " N E W AUTOMATIC TELEPHONE EQUIPMENT," 
AND " T H E SEMI-AUTOMATIC METHOD OF HANDLING T E L E 
PHONE T R A F F I C / ' Los ANGELES, CAL., APRIL 26, 1911. 

(Subject to final revision for the Transactions.) 
J. W. Gilkyson: Being responsible for the revenue produced 

by the manual system of this town, I hardly think it is incumbent 
upon me to discuss, or at least in any way to malign the com
petitor of the automatic. It has many phases which meet 
the requirements of the community. I hope, though, that in 
the future the semi-automatic will be the neutral factor in 
bringing together both the manual and the automatic, and I 
cannot help but think that will be the final result. The 
fundamental thing is economy—economy in central office 
operation, economy in central office equipment costs, the elimina
tion of sub-exchanges, and the facilitation of the trunking 
appliances. 

Mr. Keller: Regarding the automatic and manual service, 
I will quote from a letter I received from Europe from a friend 
of mine, who went to Berlin, Germany, to promote and build an 
automatic system. There are a few passages that are exceedingly 
interesting. Before going to Germany, he came to Los Angeles 
to see what we had, he returned by way of San Francisco. There 
he says, he changed his mind somewhat on one phase of the auto
matic feature, namely, the secondary line switch. In our auto
matic system here, each subscriber has one individual line switch, 
and we use secondary line switches to a very limited extent— 
not at all in connection with the subscriber's line. But in San 
Francisco, each subscriber has one individual line switch, and 
before the individual line switch reaches a first selector switch, it 
passes through a secondary line switch which reduces the 
number of first selectors to a minimum. 

Mr. Luberg has always been opposed to this, but he says since 
looking into it very carefully in San Francisco, he has changed 
his mind and he finds the secondary line switch is working very 
satisfactorily. If he is right, I am inclined to believe it will do a 
great deal towards simplifying the apparatus in general use. 

He says further that at Hamburg he saw in operation there a 
40,000-line central exchange under one roof and it is now being 
enlarged to 80,000 lines. He states that it is a manual dis
tributing system, which means that the call comes in at an A board 
where one A operator is provided for 800 subscribers. This 
operator has nothing to do but to extend the call to a B operator 
who answers the call. The B operator again extends the call 
to a C operator in the wanted 10,000 group. C has the multiple. 
After extending the call the B operator is cut out of the connec
tion. The service is supposed to be fine. Referring to the 
cable service he mentions here that it is frightful. He says the 
average cable length for a subscriber is three and one-half miles. 

Further on in his letter he asks what our average is. I have 
not quite arrived at my figures yet, but in our Olive Street ex
change we find it is about a mile. 
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" Just now," he writes " we are installing a half-automatic 
exchange in Amsterdam. By the term ' half automatic ' we 
mean a system similar to the Clement Automanual, i.e., 
the subscribers station is the usual C. B. manual apparatus. 
When the subscriber calls he gets a connection first with an 
operator who sets up the connection with a push button key
board. After the impulse machine has run down, the operator 
cuts off again. The switches are absolutely identical with the 
regular automatic outfit." 

He says that the engineers of the German government, for 
as you all know, the postal authorities handle the telephone 
situation throughout Germany, deliberately put in this half 
automatic system with the intention of putting in a full auto
matic later on. He says the only reason that they do not make 
this change now is because of the cost of the calling device which 
is estimated at about five dollars more than the ordinary telephone 
instrument. Otherwise, they would make the entire installa
tion automatic at present. Whenever they want to change their 
apparatus to automatic they can do so. 

That looks to me like a very sensible method. If they must 
have a full automatic they can do so without any extra expense 
in the installation—that is without any waste. 

It seems that the government engineers have decided that 
measured service should be furnished where a manual exchange 
is in use, and a flat rate with automatic. They take the stand 
that it does not cost materially more for a man to have many 
calls over an automatic phone than it does for a limited number 
of calls, while with a manual board the expense of operating 
increases in proportion to the number of calls, which we all know 
to be a fact. 

" A Dr. Steidle, in München, has designed what he calls 
' automatic group systems.' About twenty to forty subscribers 
with very few calls per day (metered service) say about two to 
three calls per day, are connected to a relay switching station 
located in the basement or attic of the house, or placed in the 
near neighborhood. The relay combination gives access to one 
of the two exchange lines. In the exchange the calls are handled 
manually at present. Calls to the group line are distributed 
by 40 point connectors, also placed in the relay groups. He 
figures for a 20,000-line plant about 6000 heavy talkers with in
dividual lines, and 1000 relay groups with an average of 14 lines 
attached to each. He therefore would provide 1000 relay groups 
with 1000 batteries. Now, don't smile at that, they actually 
put in about 60 of such groups, in and around München. 

" So you see we Germans just at present have the two tele
phonic extremes—an 80,000 line single exchange and a thousand 
fold subdivided plant seriously proposed by a very fine telephone 
engineer." 

I should not wonder if we may have a similar situation to face 
sooner or later. Personally, I cannot say anything about half 
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automatic, for several reasons. In the first place, I don't know 
much about it, but it seems to me that if the half automatic 
is used as a step forward toward a full automatic, that it is the 
proper step to take, but it also looks to me that if one cannot 
change it to a full automatic it is a step only half forward. It is 
just like changing from a horse car to a cable car—a sort of step 
between. Now, if that step between is a step toward making it a 
full automatic, I think it is a step in the right direction. I think 
that the full automatic will soon be the only factor in the field. 

K. B. Miller: The idea suggested by Mr. Keller of using the 
semi-automatic as a stepping stone to the full automatic is one 
way of looking at it. The probabilities are that the one con
trolling factor in the matter, a factor which is likely to be more 
and more a controlling influence, is the atittude of the public. 
The fact is that the telephone companies are serving the public 
and it is the public that must be pleased. Now, my experience. 
so far, has shown me that either the automatic, where the sub
scriber spells out his own connection with his finger, or the 
manual, where the subscriber merely asks for what he wants, 
is capable of giving good service, and either of them is capable 
of satisfying the public. 

It is often argued that the automatic's success in pleasing 
the public is transitory— akin to the liking of a child for a new toy. 
I have studied that phase very carefully and, while I know that 
some of you will disagree, I can only arrive at the conclusion 
that, at present, the public will be satisfied with either way of 
doing it, provided good service results, and we all know that good 
service may result from either method: The atittude of the 
people may eventually swing one way or the other or it may split 
and result in two permanently disagreeing factions. There 
seems to be nothing impractical in the idea of the combinationof 
the two schemes, giving automatic instruments to those sub
scribers who want them, and connecting these directly with 
automatic switches; and giving to those subscribers who want 
to feel an operator at the other end of the line, no automatic 
transmitting devices, but merely ordinary telephone instruments, 
practically along the lines of Mr. Clement's system. The same 
automatic switchboard would make all the connections and 
disconnections, these being controlled directly by the sub
scribers in the one case and by the operators in the other. 

A. H. Griswold : I was very much interested in Mr. Winston's 
last paragraph, which is one of the strongest in his paper. 

" The man who attempts to prophecy what the future 
equipment will be, is putting himself up very much as a prophet." 

In comparison with many of the other sciences, we have had 
rapid changes of type of telephonic equipment, and certainly 
we will have in the future a great many more changes before we 
approach the ideal. 

In the final analysis, the primary thing that we must strive 
for is service that is reliable and efficient, and therefore service 
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that the public desires. It may not be possible to combine 
in one system a type of service that will meet the desires of all 
of the people. There may be room for two classes of service, 
just as there is for the electric car and the steam car, one may 
offer advantages that the other does not. The thing, therefore, 
that must be studied is what the public wants. It may not be 
determined by engineers particularly, ariy more than to establish 
these various systems and try them out. It may not necessarily 
mean the most beautiful piece of mechanism, or the most rapid 
service, but it will mean the most reliable and most efficient 
service. 

Most of us in using the telephone, if the service be reasonably 
reliable and the speed of answer be reasonably fast, do not 
worry very much about the time interval. 

The proper equipment in the future may be manual, full auto
matic, the so-called semi-automatic, semi-manual, automatic 
distributing system, or some other type, but what ever it is we 
must have the first considerations fulfilled, that it must give 
reliable and efficient service, and service that the pubKe desires. 
Having these first requirements, the secondary consideration, 
and one which I sometimes think we let precede the first, is the 
question of providing the best type of equipment at the least 
ultimate cost, meaning not only initial cost but resultant and 
subsequent charges. 

It might be interesting to know if Mr. Winston in his automatic 
distributing system has made any provision for reverting calls. 
That is, when one subscriber calls another subscriber on the same 
line. 

K. B. Miller : In connection with the reverting call proposition, 
I agree that we ought to hear from both these gentltmen about 
it. The reverting call is a pretty mean thing to handle with the 
manual system, as we all know. It seemed at first wholly im
possible for an automatic system to take care of it, and yet 
automatic systems have been made to do this in an even more 
direct way than the manual. 

A. H. Babcock: The automatic and the semi-automatic 
telephone systems appeal to me from the standpoint of the man 
who pulls the switch at the subscriber's end. In other words 
my mind at present is concerned entirely with the subscriber 
and not with the engineer who is constructing these things. I 
have a feeling after seeing the inside of one purely automatic 
telephone system, and having had it very fully explained by the 
engineer who installed it, that if there is a failure on my part 
to receive connection with the number that I want, it is due to 
my failure in handling the apparatus, rather than to the failure 
of the apparatus itself. Consequently, when I am asked to use 
a telephone system wherein I give an operator the number 
that I want, and she does then that which I would do, 
which is, I understand, the semi-automatic system, it is merely 
introducing another link and a very weak link into that chain. 
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I call a number in San Francisco very frequently. Five, six 
or seven repetitions of that number have been made repeatedly, 
and they are spoken distinctly into the telephone, too. I can't see 
from the subscriber's standpoint what there is to be gained by 
putting that extra link into the chain. I prefer a piece of 
mechanism handled by myself, rather than the intervention of 
an operator who may be tired, may not be well, may be thinking 
of other things—the human element, entering in all the time be
tween what I want and what I get. In other words, the nearer 
we get in all our public service work, to a piece of apparatus 
directed by one person, the nearer we will come to getting 
satisfaction. Now, remember, I am speaking merely from the 
subscriber's and not from the engineer's point of view. 

Ralph W. Pope : I wish to call attention to one of the features 
of the manual system, which is the. only system used in New 
York City, that does not appear to have been considered in these 
discussions. I refer to the distinction between the individual 
subscriber working direct with the central exchange, and the 
subscriber working through a private branch exchange. I under
stand that in New York City the growth of the private branch 
exchanges has been very large, and where the service is suffi
cient to warrant it, is always preferred. I have had both ex
periences. Formerly, until four years ago, we worked direct 
with the central exchange. For the last four years, we have 
worked through a private branch exchange. The service 
through the private branch exchange is far more satisfactory, 
for the reason that the operator is more in sympathy with the 
business, pays more attention to the calls, and is apparently not 
overworked. That is to say in our particular exchange there 
always appears to be a little margin of leisure, so that the number 
can be repeated back, and the operator will not get away from 
the instrument before the subscriber has an opportunity to 
correct the number if wrong. When the number is repeated 
back direct from the exchange, half the time I can't understand 
what it is, and if I do and it is wrong, the operator is gone before 
I can make the correction. That is not true rof the private 
branch exchange. This leads me to corroborate Mr. Gregory's 
statement that what we want is not so much rapidity of service, 
as reliability of service. There is loss of time, no doubt, in 
handling a call through a private branch exchange, but then 
there is also a gain in comfort. In working with the central 
exchange, we are expected to keep the telephone to the ear until 
the final connection is made. With the private exchange, 
the number is given and the telephone hung up and when the 
connection i s made the operator rings up and we go ahead with 
the work. In other words, we don't have to wait with the 
telephone at the ear while the connection is being made. That is 
to me a very satisfactory arrangement, through the elimination 
of being obliged to sit and wait for what may be a quarter of a 
minute or half a minute or a minute, with the telephone at the 



2116 AUTOMATIC TELEPHONY [April 2() 

ear. I may say right here that while I do not use the central 
office connection regularly, sometimes when I am in other parts 
of the city where I have to call up the central office and do this 
waiting, it is especially annoying. This all tends to bring in 
another feature in the telephone service, and that is the comfort 
of the subscriber. Mr. Babcock admits that he gets irritated. 
Subscribers wish to eliminate all the trouble possible, and one 
of the principal virtues of the common battery system is that 
it has eliminated the necessity of turning the crank. We 
simply go through the motion of taking up the telephone and 
putting it to the ear, and then if you simply hang it up 
and wait until your bell rings, you know that you have your 
connection. 

J. W. Gilkyson : I wonder if a comparison has ever been drawn 
by Mr. Babcock with reference to the number of mishaps that 
he might have with the automatic in placing a call himself. He 
does not charge that error up to himself. He simply hangs up 
and tries it over again. He may do it two or three times, while 
he immediately becomes provoked at the manual operator that 
mistakes his number. 

With reference to the private branch exchange, that is a ques
tion that we have had considerable difficulty in handling. In 
many instances, operators are employed by the parties served 
with the private branch exchange service; many of the young 
ladies receive a box of candy, etc., from certain individuals of the 
corporation and get excellent service from the company. On 
the other hand, the man that is abrupt, gets poor service. I 
believe if the standard of the private branch exchange could be 
adopted by the company that there would be a more uniform 
service. I don't think Mr. Pope's would be better or worse. 
That is a condition that exists. He speaks about placing his 
call with the operator. She performs that function that ordi
narily a man on a direct connecting line would have to with
stand. If that line is busy at the time he calls, he is told the 
line is busy. The operator has performed that function, and he 
has to wait. Where would the private branch exchange differ 
if he gets the report that it is busy? If the private exchange gets 
a report that it is busy, she makes a note and calls it at another 
time, and the connection is put up, and the man who is busy, 
figures it out as an excellent service, but he does not perform the 
function himself. It is the duty of the girl that operates the 
private branch exchange, which, of course, could not be expected 
in service given to the public, and could not be taken into con
sideration. 

A. H. Babcock: I yield to no man in my respect the tele
phone operator as a woman earning her own living. I find no 
fault with the operators, because I know of some of the con
ditions under which they work. I have a great respect for their 
astounding skill by which they handle an immense number 
of calls per hour. But I do find serious fault with the con-
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dition that produces the situation I have just outlined. My 
conversations referred to are with a private exchange operator who 
is on our own payroll. I hear her struggling with the central office 
to get that number straight, and when I say that the number called 
for has been twisted out of shape six or seven times, it is by skilled 
operators whose business it is to handle those calls—not between 
me and the operator, because our private exchange operator 
knows perfectly well what number I want. It is not my grief, 
except as I have to wait, but it is hers. It seems to me the 
farther we can get away from that kind of thing, the better. 
I don't think it is fair for Mr. Pope to compare his present easy 
time, pushing off his job of making a telephone call onto his 
paid operator, with the troubles a subscriber has who cannot 
afford, by reason of his small service, to hire and pay a private 
exchange operator. The condition to be met is to give good 
service to the greatest number—not to a few of us who have 
private exchanges, or who can send boxes of candy to the 
operator. Possibly if the telephone expert who has just made 
the suggestion that a box of candy would improve the service, 
had realized the implication contained in that suggestion he 
would have expressed his thought differently. A Public Service 
that requires lubrication by means of boxes of candy needs some 
intelligent reconstruction. 

F. C. Newell Jr. : Mr. Babcock has just stated that the public 
is really the supreme court in this case. In cities like Chicago 
and New York, where there is a great foreign population, the 
numerals are a sort of universal language. When the operator 
cannot understand the foreign tongue, it seems to me the num
erals are to be preferred. I would like to have somebody state 
the advantages and disadvantages of the foreign population. 

K. B. Miller: In France, I am informed by some of the fore
most French telephone engineers, they consider that very point 
as one of the strongest arguments for the automatic. It seems 
that the French language, with which I am not familiar, does 
not lend itself as readily to the spelling out of the digits of a 
number as our language does, and that as a result there are a 
great many more misconnections, and a great slowing down of the 
service. That appears particularly in the trunk operations 
where an A operator passes a connection on to a B operator. 
The difference between the number of calls that a B operator 
can handle in France with the same type of equipment, and that 
which we handle in this country in manual exchanges, is re
markable, and I have heard it attributed mainly to that fact 
that the French language does not lend itself so readily to the 
transmission of numerals. Undoubtedly other factors enter also. 

A. H. Babcock: How about the Chinese exchanges? Is there 
anybody from San Francisco who can give the experience with 
them? 

Mr. Keller : The Chinese in this city have a private exchange 
of their own, or, rather a small exchange with a Chinese operator, 



2118 AUTOMATIC TELEPHONY [April 26 

who speaks English and establishes the connection for the 
Chinese. They have not yet adopted the automatic in this 
city. In San Francisco, however, they have adopted the auto
matic system, the automatic calling device with Chinese numerals 
on it instead of the numerals we use, and operating exceedingly 
successfully. In fact, it has been more generally accepted by the 
Chinese in San Francisco than by the general public so far. 

There is another feature that I have just been told of by a 
young man that came from Havana. In Hanava there are a 
great many languages spoken, and the automatic there has be
come very popular on account of the fact that all of the various 
nationalities can secure their parties without having to converse 
with any operator or any other person except the party they are 
calling. 

Ralph Bennett : I am very much interested in the four-party 
line. We have one at our residence from the old company, 
and I have discovered that I hear not only our own but all the 
neighbors calls from both sides of the line. 

Very frequently they ring on our line, one bell, and after 
ringing awhile we answer. " Central wants the party whose 
ring is two bells," When told so she says. " Oh, I didn't 
know that. They didn't tell me that ." It seems to me that 
this difficulty can be readily corrected on an automatic where 
the subscriber rings the correct call automatically. 

K. B. Miller: It is a simple matter to have selective ringing 
on party lines in manual systems. Several successful schemes 
are available. 

W. D. Moore: We maintain in our system what we call an 
observation desk. It means that the service we give is constantly 
under observation. This observation desk indicates the moment 
the calling subscriber takes the receiver down; the moment the 
operator plugs in to answer; the moment she rings; the moment 
the called for subscriber takes the receiver down to answer; 
the moment he hangs up; the moment the disconnection is made. 
This action is automatic—we do have a little automatic—and 
different colored lamps indicate the different movements and it 
is recorded as the action takes place. Now in each exchange 
there are so many observations taken each day. That is the 
way we determine the standard of service that we are furnishing. 
It also indicates the efficiency of our operating force. We 
figure that any operator—that is, the answering operator—can 
handle, during the busy hour of the day, the peak of the load, 
approximately 265 calls. That is, she can finish 265 calls. Now 
if we find there is a falldown in the service in any particular 
exchange, by referring to the peg count, which is taken on the 
tenth day of each month, we note that the operator has become 
loaded down and a redistribution of lines is made throughout 
the entire number of operators and the result is, of course, a 
natural improvement of service. We also have certain methods 
by which we procure increased efficiency from the operating 



1911] DISCUSSION AT LOS ANGELES 2119 

force. Of course this is all worked out upon what our ex
perience has shown us that one operator can handle without an 
excessive strain. 

Our figures showed for this city—the last time I heard them 
quoted, which was some six months ago—that there was one-
tenth of one per cent of the entire number of completed connec
tions that were rung in error and this is a very small fraction of 
the total number of calls. 

That is taken from the observation service. We can tell at 
any period of the day, any hour, just what class of service we are 
giving in a particular exchange, in a particular town or territory; 
and the figures have shown that one-tenth of one per cent of all 
the calls completed were rung in error. So, as to that part of 
the manual system, some particular fault of the automatic can 
also be found to offset it. 

It appears to me, taking the subject as a whole that it is as 
Mr. Gris wold said when he referred to the last paragraph of 
Mr. Winston's paper that he sums up the entire proposition in a 
few words. He said that it is probable that before many years 
the differences of opinion which now exist as to the relative 
advantages of manual and automatic will disappear, and that 
definite standards will be adopted for the various conditions of 
practice. There is no question about that. I believe all tele
phone engineers agree that we can predict that without fear of 
being contradicted. 

Mr. Clement described his semi-automatic system, but as I 
have not read his paper through, I could not grasp the full 
details, but I believe, just speaking for myself personally, that 
this is the eventual outcome. I might also refer to a remark of 
Mr. Keller He said that the semi-automatic would be, or 
could be used as a stepping stone to the full automatic and that 
if that could be done, it would be very desirable. I believe that 
what he was thinking of was the saving that could be made by 
deferring the expenditure necessary for substation equipment 
to some future period. It is my opinion that is not what is going 
to happen in the future. I think that the automatic will be the 
stepping stone to the semi-automatic for this reason—you know 
that recently there have been certain laws enacted which prohibit 
the employment of female labor for more than eight hours out 
of any twenty-four. This places a burden on the smaller towns 
and exchanges. In a large city where there are some very busy 
people, such as railroads and other large offices, using the tele
phone constantly, the amount of work that the subscriber must 
do to secure his connection is an important factor, whereas in a 
smaller town it need not be given consideration, as there are no 
largO business houses using the telephone at a very rapid rate. 
Therefore it appears to me that the automatic will ultimately 
be used for furnishing service in smaller towns, say up to a 
capacity of 1,000 lines, as the part the subscriber may play 
in procuring his own service is not very important. In the 
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larger cities where a man has his mind occupied with various 
details, he is not so anxious to manipulate the instrument him
self. As a result, it appears that ultimately the desirable ser
vice, or the service the public is going to demand, would be the 
manual. 

In handling the manual service, our present switchboards 
are designed so that we can place within the reach of one oper
ator 9,600 lines. Of course, on a jack per line basis, this would 
mean an additional number of stations probably a ratio of 
70 lines to each 100 stations, but when you reach the capacity 
of 9,600 lines, it means additional multiples. It means that 
you will have to install trunk switchboards that will have addi
tional multiples and are considered second units. The capacity 
of each unit will be 9,600 lines. That is, an operator answer
ing a call on the first unit must out-trunk same to the second 
unit. 

Now in a city like New York, where they have over 300,000 
telephones, it resolves itself to a question of what per cent of the 
total calls are out-trunked, and it is figured that when approxi
mately 70 or 75 per cent of the calls are out-trunked, it is just as 
economical to out-trunk 100 per cent, which means all calls 
originating at the ' A ' position will be out-trunked. 

Mr. Clement describes a clearing-house system and also oper
ating centers, but I could not quite grasp his idea. It would 
seem to me that the ultimate solution of this problem would 
be something like this—to provide a number of operating centers 
in a city like New York, each located at what we term ' Wire 
Centers ', that is a particular center at which the greatest num
ber of wires radiating from same would be the shortest, when you 
take down your receiver, your signal would show before the 
4 A ' operator and after giving your call—say for instance Broad
way 4519—she would then simply manipulate the keyboard 
and the rest of the action would be automatic, that is, it would 
select a trunk, arrive at the other office, select the particular 
number you wished to talk to and ring same—then you would 
have solved the operating problem and also the telephone prob
lem as well as it can be solved in our day and time. I am 
of the firm opinion that the ultimate solution of the problem of 
handling telephone traffic in the larger cities is the semi-auto
matic method and that the full automatic will serve the smaller 
cities. 

Mr. Schüler: There is one thing that the gentleman 
spoke of that interests all of us who are in the telephone 
business. We are in the telephone business for one thing, 
and that is to sell service. Now, the point in my mind is 
this, that the company that is in the telephone business and is 
going to do the most business is the one that sells the best service. 
I have in mind a place where the Bell Company had nine hundred 
subscribers and the Independent started with 250 subscribers 
four years ago. Now the Independent company has 1,567 sub-
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scribers and the Bell Company has less than 200. The one thing 
that accomplished it was service. 

Now, what constitutes service. Service is constituted by a 
man going to his telephone and getting the number he wants in 
the quickest possible time and getting the best possible trans
mission after he gets his number. That is telephone service. If 
you go to your telephone and try and try to get a number and 
don't get it, and even after you do get your number you don't 
get transmission, you are not getting what you pay for, and the 
man in the telephone business is not delivering what he is paid 
for doing. In my mind the best proposition for delivering 
telephone service, I don't care whether it is wireless or with 
wires, or whether with telephone or without telephone, that will 
put A in communication with B and give A that communication 
in the least possible time and give them both the best possible 
transmission. 

I have made a number of tests—I happened to be manager of 
the first two-wire system put in existence—I made a particular 
investigation of why we could not get business. The Bell people 
were not giving service. We were giving service so far as our 
calling and our transmission were concerned, but we were not 
giving service because the people did not use the apparatus 
right. Now, if we had had in that little Illinois town the auto
matic, or semi-automatic service, I believe we would have gotten 
the business. I called on 100 of our subscribers and asked each 
one which they thought best, which they preferred to use, and 
they preferred to use the manual service, but they admitted 
they could get better service over our lines, but they did not 
want to be bothered with the necessary trouble. 

I have made a number of other tests in regard to service. I 
tried getting 100 subscribers on the manual and getting 100 sub
scribers on the automatic service. The automatic service was a 
new plant and everything was working right, and I would get 
my 100 subscribers in a great deal less time, making allowance for 
the parties who did not answer, the moments lost in waiting 
for parties who did not answer on one was as much as the other 
—I would get my automatic subscribers in less than 80 per cent 
of the time it took on the manual. I visited 100 subscribers and 
asked them which they preferred to use—whether they pre
ferred to give the operator the number and let the operator call 
it, or the automatic. A large per cent preferred to give the num
ber to the operator, so I am thoroughly convinced that the semi
automatic is the best equipment. 

H. B. Tupper: Mr. Clement in his paper says, " It appears 
that after the operator has answered the calling subscriber and 
puts up his connection, she clears out and if the subscriber does 
not get the called party he has no means of determining whether 
that subscriber does not answer or whether that line is in trouble, 
unless he should flash his hook and probably come in on the ap
paratus again and go through the same sequence as the first time" 
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We use a method in the manual system, we have toll switching 
positions, automatic stick down keys, which work the same as 
those Mr. Clement speaks of. The operator plugs in to the 
subscriber's calling jack and the ringing is done automatically 
through a machine ringing segment on the ringing machine. 
This machine ringing device throws out alternating currents and 
direct currents at intervals on the operator's line to the sub
scriber, and it will continue to ring until the subscriber removes 
his telephone from the hook, which indicates he does not get it 
and he can get her again and tell her conclusively whether the 
line is in trouble or whether the subscriber does not answer. 
That is a point that should be embodied in the automatic—the 
possibility of the subscriber getting in touch with the operator 
without going through the sequence of working up his auto
matic machinery again. 

C. L. Cory: I have enjoyed the discussion of the automatic, 
the manually operated and what has here been called by dif
ferent names, the half or semi-automatic or automanual tele
phone systems. Considering the matter somewhat carefully 
from yesterday, it would seem that we should view the telephone 
situation fairly and from two entirely different standpoints, one 
with the attitude of the subscriber or customer, the other as 
necessarily viewed by telephone engineers who have been engaged 
for years in perfecting all of the very complex apparatus adopted 
and so successfully used in telephone systems. 

The requirements of the subscriber may be compared to that 
of the customer requiring illumination, using electric light. 
Illumination from such a source of light is needed as a substitute 
during certain hours of each 24-hour day in place of the natural 
and free illumination available in day time. As long as the sun 
provides sufficient light the individual only finds it necessary to 
raise the shade to the window in his room. In the absence of 
sunlight many years ago man found it necessary to devise a 
substitute, and perhaps in the order of use, pitch pine, the candle, 
and the coal oil lamp, all of which sources of light were under the 
complete control of the individual desiring the service. 

Upon the introduction of gas and incandescent lamps the 
service was not completely under the control of the customer. 
In somewhat the same way we may consider telephone service. 

I myself frankly believe that the method by which one calls 
or attempts to get in communication with the person with whom 
a conversation is desired should be considered from the psycho
logical as well as from the engineering standpoint, although of 
course the methods that may be employed by the customer and 
devised by the telephone engineer are engineering problems, but 
it will not do to lose sight of the attitude of mind of the sub
scriber in coming to a definite conclusion as to the best system 
which may be employed. 

Those requiring the use of electric light had nothing to do 
with the change from the carbon to the tungsten incandescent 
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lamp. Yet the service is much better and cheaper with the 
latter than with the former. Viewed exclusively from the stand
point of the customer, he might have been thoroughly satisfied 
for all time with the old carbon lamp, but nevertheless the cus
tomer is pleased and gratified as a result of the introduction of 
the tungsten lamp as a substitute for what was previously con
sidered entirely satisfactory, namely, the carbon filament lamp. 
The illustration may be crude, but it may serve as evidence 
that the character of service planned for the customer by the 
inventor may not be the most desirable to the individual paying 
for the service. 

Again suppose it is my desire to speak to Mr. Miller. As 
we are now both in this room I merely address him. The entire 
conversation is within our control; barring some noise or similar 
interference from the outside our mutual understanding of one 
another can not be prevented. Mr. Miller hears me addressing 
him and replies directly. Nobody can interrupt our conversa
tion. In a way such a conversation may be likened to sunlight 
as a source of illumination. It is free. It is controlled as we 
choose and no interference is possible from others. 

When artificial illuminants were introduced without question 
the idea was in so far as possible to get results approximating 
the illumination of the sunlight, not free of course, as this would 
be impossible. Similarly I can not talk with Mr. Miller when he 
is in Pasadena as I do here, nor can I talk with him when in 
San Francisco. We need some artificial arrangement, which is 
the telephone, in order to make our conversation possible at 
the greater distance. Notwithstanding this, my attitude of 
mind as I desire to talk with Mr. Miller when he is distant 
certainly approximates the condition which we can so readily 
establish here when we are within a few feet of one another. 
This obvious fact will certainly be admitted by all. It is 
the work of the telephone engineer to approximate that con
dition. 

To put it in a little different way, Mr. Miller may be across 
the street, or in Pasadena, or Long Beach or Redondo or San 
Francisco, and I desire to talk with him. No matter where he 
may be it is my desire if possible to carry on a conversation with 
him as I may do here in this room. This is the attitude of every 
telephone subscriber. In order, however, to get into communica
tion with Mr. Miller, what is my preference. Spell out his 
location myself, because that is what it amounts to in the auto
matic system, or remembering that I am subject to error, would 
I prefer to take the telephone off the hook, addressing an oper
ator in the central office and trust to the system, which includes 
operators and devices, to connect me with him, no matter where 
he may be. I have been impressed greatly and much admire 
the mechanisms that have been evolved in the automatic system, 
but the question finally comes down to this: would I prefer to 
simply express my desire to talk with Mr. Miller by giving his 
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number to the central, or individually spell out Mr. Miller's 
location myself so that I may talk with him. 

The preference of the subscriber in such an instance, it seems 
to me, depends entirely upon conditions. It may be necessary 
and really demanded that the automatic system be used, by 
which every individual, no matter what language he may speak, 
finds it possible to spell out the location of the person to whom he 
desires to talk, as was stated here might happen in Havana, 
or any other city containing in its population subscribers speak
ing many different languages who use the telephone, but it does 
not necessarily follow that this is desirable in a city using say 
300,000 telephones and covering an area less than the city of 
Los Angeles. 

Naturally the telephone engineer has confronting him the 
problem of providing as far as possible a system so that I may 
talk to Mr. Miller if he is in Los Angeles, only across the street, 
or in San Bernardino or San Francisco in a manner as nearly 
as may be as we talk together in this room. As a matter of fact, 
I may not know in the beginning where Mr. Miller, is, and it 
does seem that the plan where we have combined local and long 
distance service, whereby a skilled operator is used in locating 
the person to whom one desires to talk, may perhaps be much 
better than to have such locating done by the customer, who can 
not possibly be so skilled as a regular operator. 

If the automanual as has been described in one of the papers 
here will make it possible for the subscriber to call up central, 
give the number desired, and then the operato^ in the central 
office by using a similar automatic device can the more ac
curately, speedily and economically connect the subscriber 
with the individual called, that system it would seem would be 
the best of the three under discussion as treated in the papers 
presented. 

In conclusion it should be said, I think, that the problem of 
devising the best possible telephone system should be viewed not 
solely from the standpoint of the subscriber, but very largely so. 
At the same time, all of the possibilities should be given the most 
careful consideration by the telephone engineer. The require
ments of the subscriber should be met as far as possible by the 
telephone engineer, whether the service required is long distance 
or local, in a small community with a comparatively small 
number of telephones, or in a great city of large area with 
hundreds of thousands of telephones, any two of which may be 
connected together in the least possible time, and in the operation 
of which, without question, there will be a decided peak load 
during certain hours of the working day which must be taken 
care of if the service provided is satisfactory. 

Arthur Bessey Smith; The paper presented by Mr. Clement 
is very interesting in that it presents clearly a very essential 
question involved in exchange operation. The question may be 
stated thus. Is the human element necessary and desirable 
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in Connecting exchange lines? While every human activity re
quires human attention to some degree, there are many things 
which, on account of their nature, may be better and more 
satisfactorily handled by machinery. Before we can decide 
whether or not the telephone exchange comes within the auto
matic field, it is necessary to consider two features, viz., the nature 
of telephone service and the practicability of selecting lines by 
automatic machinery. Since Mr. Clement has himself acknowl
edged the latter point, we may confine our attention to the 
former. 

Telephone seryice consists essentially in establishing means 
whereby conversation may be held between two points. This is 
usually limited to speech transmission by electrical apparatus 
connected by wires. When we have turned such an arrange
ment over to two or more people to use, we have rendered tele
phone service. Since the outfit is usually owned and main
tained by a company for public use, a fee is charged whenever 
it is loaned to any person or institutions. Also because the 
people must pay for telephone service it demands that the service 
shall have some degree of quality. 

The elements of quality in telephone service are, in order of 
importance, as follows: 

Accuracy of connection, quality of transmission, speed of 
connection and disconnection, proper treatment and ease of 
securing connection. 

Voice transmission is usually very good in modern exchanges 
so that for our present discussion we may omit it from the list. 
This leaves the following: 

1. Accuracy of connection. 
2. Speed of connection and disconnection. 
3. Proper treatment. 
4. Ease of securing connection. 
Theoretically, it might seem that the human element is indis

pensable to the rendition of good service, but practical experi
ence has shown that almost all of an operator's work is in
herently mechanical, requiring no judgment. In the total 
of a day's work, the calls which require intellect are so few that 
they can be cared for by very few clerks. 

The automatic switchboard can render excellent service in 
all of the elements named above. These I will discuss in detail. 

The transmission of a number by mechanical and electrical 
means is far more accurate than by voice. In the messenger 
company analogy, used by Mr. Clement, the public would not 
entrust its business to such a concern if address of a parcel were 
given to the messenger orally .Nothing but a plainly written 
address will do. There are many chances of mistake in oral 
transmission, both on the part of subscriber and of operator. 
The act of spelling out a number with a calling device is naturally 
conducive to accuracy since it is done through sight and touch, 
the two senses upon which man places his greatest reliance. 
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From the standpoint of the subscriber, automatic service 
is quicker than either manual or auto-manual. The time from 
the initiation of a call to its connection through the apparatus 
is from a third to a half as long with automatic as with auto-
manual. The saving when compared with manual service is 
even greater. 

It may seem strange to compare a human operator and a switch 
as to " treatment of the public," but the relation exists and is very 
real. Far from being " the principal ground for confidence " 
the operator touches the public with a treatment as variable as 
her moods. The automatic switch treats the public with uni
form courtesy—the courtesy of implicit obedience. In all but a 
limited number of cases no subscriber asks more than that his 
desire for a connection shall be quickly and accurately made, 
which service the switch certainly performed. The automatic 
switch accords the public the best possible treatment. 

Generally speaking, to relieve the subscriber of all work 
possible is not necessarily inconsistent with the highest type of 
service. The highest and best service is rendered when we 
most completely meet the subscriber's desires and needs. Further, 
not all the labor of making a manual call is felt by the hand, for 
the brain and the organs of speech are involved. Compared 
with the oral transmission of a number, it is a relief to turn the 
dial. The subscriber does not feel it to be a burden, but regards 
it as an efficient means to an end. He asks for results. 

To sum it up, I believe that the amount of telephone traffic 
which requires direct access to human intelligence is so small as to 
be negligible. The small class of calls which requires special 
attention should be handled as at present by clerks, who are 
not operators. For the great bulk of traffic the human operator 
is not only unnecessary, but a positive hindrance to good service. 
People desire service, that is, telephonic connection, which the 
automatic switch has the special capacity to give. The perfect 
rendition of this service has established among automatic users 
a feeling of strong confidence. 

Henry P. Clausen: Mr. Clement states that in the manual 
switchboard an operator can attend to from 280 to 290 connec
tions per hour. While I do not think that this figure is any too 
high, the records of the average exchanges throughout the country 
will run more closely to the 250 calls per hour figure, and that 
only during the busy ten hours of the day. During the peak 
hour, however, operators will frequently go as high as 400 calls 
per hour, and for short periods an observation has shown that 
an operator can answer as many as 425 calls per hour. 300 to 
330 calls during the peak load is not at all unusual. In fact, 
in one of the exchanges mentioned by Mr. Clement the writer 
has found a record showing 288 calls per operator's hour, and it is 
interesting to observe that 63 operators on duty at the same time 
were averaging this number of calls. 

According to Mr. Clement's statement, only 31 per cent -of 
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the total cord circuits are in use at one time during the peak load. 
The writer does not think that this can be absolutely correct, 
and, in fact, upon consulting the records of one of the exchanges 
cited, 63 positions were in service, each equipped with 15 cord 
circuits, and out of a total of 18,200 calls during the peak load, 
allowing three minutes per conversation, 96 per cent of the 
connective means were in service; and, taking the run of calls 
during this particular day, out of a total of 189,000 possible 
three-minute conversational connections, 135,000 calls were 
taken care of, which then gives us about 70 per cent of the con
nective means in service during a continuous run df ten hours. . 

Another statement made by Mr. Clement refers to the ex
pense of operating the trunk circuits in a certain exchange, 
which, he says, amounted to 31 per cent of the total operating 
charge. As Mr. Clement gave the name of the exchange, the 
writer was in position to examine into the records and found the 
following: Out of a total of 21,300 calls,requiring 198operators' 
hours for handling them, 6500 were trunked outward, which 
equalled about 30 per cent. The incoming trunks amounted to 
something over 5600 calls during the day, and these were taken 
care of by 58 B operators' hours. Mr. Clement probably had 
the above records before him when preparing his statement, 
and therefore did not carefully consider the local conditions, 
for, when it is learned that in this particular exchange the B 
operators, instead of answering calls of from 350 to 400 per hour, 
as is the usual practice, were only answering 98 calls per hour, 
it will reveal to every traffic man a serious condition of affairs, 
requiring correction. 

In discussing full automatic exchange operation, Mr. Clement 
suggests that irresponsible persons may call anyone and cause à 
great deal of annoyance without danger of detection, and, as I 
understand the description of the automanual system, the same 
difficulty remains, for, when an automanual operator sets up a 
connection and presses the starting button, this connection passes 
beyond her control and she is not able to detect any improper 
use of the telephone. 

I believe that it is admitted that in the full automatic ex
change one attendant is required for every 700 subscribers, 
these attendants taking care of the automatic switches, super
vising them while the exchange is in operation; but it is not 
brought out by Mr. Clement that the automanual system, em
ploying, as I understand it, the same number of line switches and 
trunking switches as the full automatic, must also employ the 
same number of attendants. This would very seriously increase 
the operating expenses. 

As to the statement that one day's training is sufficient for an 
automanual operator, this may require some qualification in the 
direction of understanding how efficient such an operator may 
be for performing the difficult feat of handling subscribers calling 
for^service. 
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It is further stated that all operations in the automanual 
system are standard. How are the different classes of service 
taken care of; for example, pay-station, measured service and 
flat rate service. Such calls as require the recording of sub
scribers ' numbers should prove very difficult in the automanual 
system, for the operator has nothing before her to indicate 
the calling subscriber's identity, and it would appear difficult 
to obtain it other than by inquiry, and then at the risk of being 
given the wrong line number or wrong information. At any rate, 
pay-station and measured service calls, which in many exchanges 
run into quite a large percentage of the total number of sub
scribers' calls, cannot be handled at the high rate claimed in Mr. 
Clement's system. 

In the comparative work units submitted, and based upon the 
number of movements of the A operator in handling a local call, 
a more equitable division could have been made, but Mr. Clement 
makes the serious error of completely ignoring the presence in 
the manual switchboard of overlapping operations upon the part 
of an operator. Each distinct operation is said to be performed 
to the exclusion of any other; this, while it is true for the auto
manual system, is not the experience in manual operation, for 
in the manual switchboard an operator can respond and does 
act upon audible and visual signals practically simultaneously, 
and at the same time each hand may be used for a different opera
tion. As a matter of fact, it would be impossible for an operator 
of a manual switchboard to handle 300 connections per hour 
were the overlapping not present, for telephone calls do not 
always accommodatingly originate in equally timed periods as 
they should if each operation were distinct and separate from 
every other operation, for at times three, four, or more calls 
appear upon a position at practically the same instant and a 
great many of the answering operations are then performed 
practically simultaneously. 

It is at this point that I want to bring out one of Mr. Clement's 
suggestions, " When a subscriber calls, if he receives a quick 
response, he is satisfied, even though a slight delay occurs later," 
for it is the overlapping operations which permit the operator of 
the. manual switchboard to produce what we call a three-second's 
service. An operator cannot possibly complete, say, four calls 
in their entirety in three seconds' time, but she can answer the 
calls in that time by quickly inserting the answering plug into 
the jack and calling for number. 

In the automanual system, as understood by me, an operator 
is expected to answer 1,000 calls per hour, which in an exchange 
originating 5,000 calls during a busy hour means five operators. 
What is the result when—as it is entirely probably—20 sub
scribers' calls are received within a given second or several 
seconds' time. According to the figures upon which the auto
manual operation is based, it takes an average of 3.6 seconds for 
an operator to respond to and set up an automanual connection ; 
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therefore, in order to answer the 20 calls, it will require 72 seconds 
time ; dividing this by the five operators who are not able to per
form any overlapping operations, it appears that at least 14 
seconds must elapse before the last one of the 20 calling sub
scribers is disposed of; and with more than 20 calls the delay 
would be much greater. This, I believe, is one of the most im
portant points not discussed by Mr. Clement. 

C.S.Winston: Mr. Griswold brought up the question of the 
method of handling reverting calls in an automatic system. 
Most of you probably know that a reverting call is a call from one 
station on a party line for a second station upon that same line. 
In manual equipment this does not present any very difficult 
problems, but in the automatic it is a very different thing. In 
the three-wire automatic the problem has been solved and it is 
possible for one party to call for another on the same line without 
knowing that he is calling for a station upon the line upon which 
his station is located. In the two-wire automatic, using auto
matic ringing the problem is entirely different. Up to the present 
time, I believe, no satisfactory means has been found for ac
complishing this result, and hence it is necessary for a sub
scriber to know that the telephone of the man with whom he 
wishes to talk is upon his own line. If he does not, he will call 
and receive a busy test just the same as if he were calling for a 
separate line which was in use. The number of calls, however, 
of this sort, I understand, is not very great, and I do not think 
that any particular trouble has been experienced with that 
difficulty. 

No telephone system is or ever will be absolutely without 
defects, or entirely ideal. This refers to manual equipment as 
well as automatic equipment. In the automatic system, if a 
subscriber upon a party line takes off his receiver at the time 
the second subscriber upon that same line is signalling, trouble 
is sure to be met as the impulses which are sent subsequent to 
the removal of the second receiver will be lost and the proper 
station will not be called and possibly no station will be sig
nalled. I see no way in which this defect can be overcome. It 
is one of the defects which seemingly are inherent in automatic 
equipment. 

In automatic equipment difficulty is met in the handling of 
measured service. This is true either when service meters are 
used at the central office, or nickel boxes at the subscribers' 
stations. That is, if a party is called and another party responds 
the charge is made just the same as when the call is properly 
completed. 

Mr. Griswold also brought out another point in regard to two 
subscribers plugging into jacks of the same line simultaneously 
in the system which I referred to as the automatic distributing 
system. I don't think that trouble will be met with on this 
account. In the system which my company has laid out, more 
or less in detail, there is a relay in the cord or trunk circuit which 
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operates as soon as the plug is inserted into the jack of a line 
and if two plugs are inserted into two j acks of a line simul
taneously, it would be necessary for them to operate at the 
same instant before trouble could result. I don't think the 
chances for this to happen would be as great as the chances in 
the manual system of missing the busy test and plugging into 
the jacks of a line already in use. 

It was suggested by Mr. Miller, I believe, that a possible solu
tion of the problem might be in the combination of the semi
automatic and the full automatic. It hardly seems to me that this 
would be a satisfactory arrangement. In communities where 
the plan has been use.pl of operating both common battery and 
magneto telephones the results obtained, I understand, are very 
unsatisfactory. If a man has one type of telephone and a 
friend of his one of the other type, he is apt to make up his 
mind that he prefers the telephone which John Jones has and he 
is not satisfied until he gets it. It seems to me that trouble would 
be met with if this suggestion of Mr. Miller's were followed. 

Such an arrangement would complicate the central office 
equipment, require extra apparatus equipment and hence the 
expense of maintenance would be increased. I don't think 
the service would be as satisfactory as if either one of the two 
systems were used alone. 

It has occurred to me that there may be confusion due to the 
fact that in my paper I referred to the " semi-automatic system " 
and Mr. Clement referred to a system, practically the same, as 
the " automanual system." There are no differences as far as 
operation goes and the differences which exist are all merely 
differences of detail. The automanual, or semi-automatic, 
is nothing more nor less than an automatic system in which 
the dials are removed from the subscribers' stations and opera
tors at the central office do the work which is done by the sub
scribers in a full automatic system. 

Very frequently in semi-automatic, or automanual there is 
more or less trouble due to the fact that after the connection has 
been established, as Mr. Clement has already stated, the opera
tor is entirely disconnected from the circuit. If for any reason 
the subscriber desires, after the connection has been established, 
to call the attention of the operator, or perhaps I should say to 
converse with the operator, the operation of the switch-hook 
will disconnect the apparatus entirely and instead of calling 
the attention of the operator he called originally, he may get 
some other operator. This may cause trouble, although I under
stand not a great amount has been experienced in the three or 
four places in which the automanual is now in use. 

It does not seem to me that automatic equipment is likely 
to be used in small towns. I don't think there is likely to be 
any great conflict of opinion in regard to this point. In small 
plants the cost of maintenance must necessarily be low and the 
original cost of automatic equipment, and the cost of main
tenance, would in all probability make it prohibitive. 
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Mr. Clement stated in his paper that in a telephone system 
subscribers pay for service and hence should not be bothered 
with duties which should really be done by the operator. I 
hardly agree with him in this respect. I seems to me that if the 
subscribers do not object to performing this work, and advantage 
is gained by using full automatic, it is certainly justifiable to 
do so. 

This brings us up to another point. One or two of those who took 
part in the discussion have stated that they thought this whole 
subject would result in the adoption of the system which would 
give the best service. While, of course, service will play an 
important part, yet I think it is a secondary consideration. The 
foundation of any business is laid upon the returns which are 
expected from the investment; that is, you get down to the old 
proposition of the almighty dollar. If it is found that automatic 
equipment can be bought and operated at less expense, and hence 
will give greater returns on the investment than manual, it 
is the system which will be used. 

In places in which automatic has been employed, the subscrib
ers have shown that they are willing to operate the dials without 
complaint and it seems to me that the operating companies 
must decide which system will meet their ends best, and install 
that equipment universally. The service, of course, will be 
improved, and kept at as high an efficiency as possible; but 
it all boils down to the fact that it will not be improved unless an 
improvement will increase the returns upon the investment. 

E. E. Clement: The work which I present is individual work, 
and I have tried to present it in an individual way. I have tried 
to look at both sides of this subject impartially, and having gone 
into the question very thoroughly on both sides, I long ago per
sonally decided in my own mind that the semi-automatic prin
ciple, in whatever form embodied, would necessarily be used in 
the future. Of course I have advocated that ever since. Now, 
a man ought to be able to give some reasons for the faith that 
is in him, and that is what I have tried to do in my paper, and 
shall continue in these remarks. 

Mr. Keller read a very interesting letter from a friend of 
his in the Siemens and Halske Company in Berlin, in regard to 
their work over there. I would not refer to this except that Mr. 
Keller in discussing it stated that he had been surprised to learn 
that the Germans had been developing along my line. Dr. 
Raps and Mr. Grabe, of the Siemens and Halske Company, 
have been in touch with me. They were over here several years 
ago with a party, and were given every opportunity to see my 
work. They are desirous of introducing these improvements in 
Germany, and I mention this so that no false impressions will 
arise as to the situation. . I do not believe that the Germans or 
any other foreigners have done any substantial work in de
veloping the automatic or semi-automatic systems in any form 
in which they appear in this country. 
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Mr. Keller also referred to changing what he called " half-
automatic " to full automatic, and to " mixed " systems. I 
tried to make clear yesterday and in my paper that in my auto-
manual system there is one vitally distinctive feature, (among a 
great many original features) which is not found in any full 
automatic system, or in any of the ordinary so-called " semi
automatic " systems, of the type referred to by Mr. Winston. 
I refer to the use of an operator's trunk, separate and distinct 
from the talking trunks which are used to connect the sub
scribers for conversation. Disregarding this, the basic principle 
of semi-automatic amounts to no more than moving your senders 
in from the subscribers' stations to the central office. There is 
no reason, either technical or psychological, why a mixed system 
should not be employed if it is wanted; that is, we can arrange 
our circuits so that all the connections are made by automatic 
switches, but some of the subscribers can have senders and work 
the switches direct, while the rest of the subscribers are handled 
by the operators. This condition would actually exist during 
the process of changing over an. existing full automatic equip
ment to automanual, which we can do very readily, but for perma
nent use I would not care to recommend such a system. 

In considering my individual operator's trunk, it must be 
remembered that any semi-automatic system which ties the 
operator to the talking trunks necessarily loses almost all the 
advantages of operator-centralization. The key to the solution 
of this problem is in the provision of separate operators' trunks, 
which are automatically connected to and disconnected from 
the talking trunks, and which can be made of any length desired, 
so that the operators can be centralized or shifted around, or 
divided into different centers, or otherwise handled as traffic 
conditions and the discipline of the operating companies may 
render desirable. This, with a number of other features, arc 
broadly new and peculiar to my automanual system. I know 
quite a number of these features have been taken up and followed 
by others as we have developed and announced them. I am 
aware that other people will try to get into this line of business, 
but these are commercial questions with which the Institute is 
not concerned, and I am sorry that others have brought them 
up. At the same time, I am glad of this opportunity for an 
answer on my part. I may say that I believe, commercial and 
legal questions being disregarded, if every telephone manufac
turing company started making similar apparatus, the supply 
would not exceed thé demand in the next ten or fifteen years. 

In this same connection, the matter of making a recall has 
several times been referred to. It is stated that if the calling 
subscriber gets his connection and the operator is cut off, the 
subscriber cannot call her back. This is true, and no trouble 
can or does flow from il, the facts being quite contrary to Mr. 
Winston's statement this morning. In my system the sub
scriber hangs up his receiver, is instantly cleared out, takes down 
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his receiver and instantly gets an operator, who may be the same 
or another. The whole operation of hanging up and taking down 
is practically instantaneous, much quicker in fact than any 
ordinary recall could be. What is the use of tying the operator 
up and interferring with the work. If a man wants to make a 
recall, he can do it better by making a fresh call. If he wants 
to report some trouble, or to make another call, he can get the 
operator or he can get the trouble clerk, without delay. 

Reference has been made in the discussion to the full auto
matic system operated through subscribers' metallic lines 
without grounds. As I have stated, I can operate my central 
office mechanism from the subscribers' stations, over metallic 
circuits, and in fact I may state broadly that I can do with this 
system anything that is done or could be done with any full 
automatic, for the obvious reason that I have the full automatic 
equipment at the central office; and I can also do anything with 
this system that can or should be done in a manual system, for 
the obvious reason that I have operators at the central office, 
while the subscribers' equipments and line connections are the 
same as in the manual system. In fact, when I started, a good 
many years ago, to attack these problems, I first of all worked 
out those which are common to all automatic practice, among 
them the metallic circuit problem, which seemed very difficult 
in the beginning. Years ago I was able to make a report with 
blue prints of two wire metallic circuits which had been then 
successfully working automatic switches for a long time, using 
timing solenoids instead of the magnets referred to by Mr. Win
ston. In that full automatic circuit I also had selective auto
matic ringing, which has been successfully working ever since, 
having been grafted into the automanual circuits. I believe 
the principles thus discovered are indispensable for good practice. 

Mr. Griswold, and some of the other speakers, on the question 
of reliability, have referred to the question from the subscribers' 
standpoint alone. I think we must look at this problem from 
every standpoint, not only the subscriber's but the company's, 
and also as Professor Cory has said, the standpoint of those engi
neers and their associates who have given their lives to developing 
these systems. In the practical aspect of the question, there are 
only the subscriber, who wants service, and the company, which 
is called on to furnish that service in enormous quantities, and 
must therefore practice economy as a matter of absolute neces
sity. Economy however, must be effected without detriment 
to the service given the subscriber. 

I have devoted a good deal of time, in conjunction with 
Mr. Boylan, to collecting and comparing traffic statistics. If 
you will read the first ten and the last ten pages of my paper, 
which are devoted largely to discussion and tabulation of this 
traffic data, it will save me from going into a lengthy explanation 
now. In regard to some of my diagrams, particularly Figs. 17 
and 19, you will observe that I have shown only two curves for 
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comparison, one the manual curve showing cost of operating, 
and the other my automanual curve. I did not attempt to 
plot a curve showing similar costs in a full automatic system, 
because of a desire to be extremely impartial, preferring to 
present the figures, as I have in the argument, and leave the 
comparison to you. My reason for this was primarily that in 
the full automatic system, you cannot entirely segregate the 
operating expense from the maintenance and other costs. Now, 
how the various operating companies employing full automatic 
systems, keep their accounts, I do not know in detail. I have 
seen some of their reports and some of the data used in making 
up their statements, and they are very interesting; but I would 
not plot a curve without compiling and comparing these to an 
extent that has not been within my power in the time allowed 
for preparation of this paper. However, I believe, and I think 
you will agree with me after reading the figures I have given, 
that if the automatic cost curve were plotted in Figs. 17 and 19, 
it would lie between the manual and the automanual curves 
which I have plotted. I have stated in the paper that the net 
saving per annum in mere operating expense as such, by the use 
of full automatic equipment, cannot be more than 50 per cent of 
the manual operating expense in a system of any size, and that it 
is probably very much less. This may or may not agree with 
the facts in all cases. That is for you people to determine. You 
have better statistics at your disposal than I have. I show a 
saving however by the automanual over the manual in one given 
case of 77 per cent (see Fig. 17), and I also show an extreme case 
which I may state is based on studies in the city of Cleveland, 
Ohio, of the traffic of both companies which are competing there, 
in which the~ use of the automanual system will save 86 per cent 
of the present manual operating expense. As opposed to this, 
if the two companies were to trunk direct between their switch
board by manual methods, it would increase their present 
separate operating expenses by an average of 40 per cent, which 
makes a total difference in my favor, operating under the same 
conditions, of 120 per cent of the present total operating ex
pense. The question for you automatic men to determine is, 
what will you be able to do with your equipment when you 
meet a similar condition. 

Traffic conditions in the telephone business at present are 
fairly comparable with those in the railroad business. This 
country has been growing with most tremendous leaps and 
bounds, and we have not yet reached anywhere near the limit. 
When you have only a few instruments to handle, it is easy to 
consider only reliability, and forget the cost of service. But 
when you are dealing with a city exchange handling from six 
hundred thousand up to several million calls per day, and those 
calls cost anywhere from $1.50 up, per thousand (the Cleveland 
combined figure is $1.96) then it becomes indeed a serious 
question, and you cannot yield to the subscriber entirely. With 
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the automanual handling these calls at 25 cents per thousand, 
however, the subscriber should get all the attention he needs. 
This system is designed to give the subscriber the same grade of 
service that he gets in the best manual system, that is the in
dividual attention of the operator, and the benefit of her training 
with all the other benefits flowing therefrom, but at a minimum 
cost to the company. 

One question asked is was what happens if a line is called and 
the subscriber does not answer, the operator being then off the 
connection. For this condition I provide a special tone test 
signal, which comes on if desired after a certain number of rings, 
or we can handle it through a monitor, or in any other manner 
possible in the automatic. I preferably provide signals for 
every condition, which I find the subscribers learn to distinguish 
very readily. At Ashtabula, we have a busy-back, substantially 
the same in its functions as that with which you are familiar 
in your automatic systems. We also have a don't answer signal, 
but the calling subscriber preferably hears the ringing. We 
also have a special tone test for the case where the calling sub
scriber hangs up before the operator gets to him, which she hears 
when she listens in. We also have an indicating board, with 
lamp banks, and other signals, so that any condition of trouble 
or line in trouble can be traced by the wire chief. We also have 
the other expedients for various purposes with which you gentle
men are all familiar in your practice. Our circuits are very full 
and complete as to details, and a great many of these are novel, 
but time forbids my going into them. 

With respect to reverting calls, I have no trouble with those. 
The condition which must be produced when you go to test 
your own line, which ordinarily would then test busy, is almost 
obvious. You must produce a neutral condition at the instant 
of your own test. This has been done in several ways, and we 
have done it in practice by having the last impulse from the 
sending machine which works the test relay, also sent back 
at the same instant to the calling end to reverse the test potential. 
This applies to a two-wire circuit as well as a three-wire. We 
test on the tip side usually, and have no trouble at all. I am 
surprised that Mr. Winston made the statement he did on this 
point, but presume his information was defective. 

I agree with Mr. Winston that the percentage of reverting 
calls is so small that it hardly pays to take care of it. I took 
this up with a number of the managers of the larger companies 
in the east, to see what experience they had; and while there 
are special test signals available for reverting calls, as you may 
know, in the old manual practice, these people didn't consider 
the number of such calls sufficient to make any regular provision 
for them. The way we take care of them at Ashtabula Harbor 
is this: There is a master switch at the back of a key set, so 
the'operator getting a call for another party on the same line, 
can cut on a special first selector and disable the associated 
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secondary selector, so that no other calls can come in on her 
key set for the time. She then handles that call in the ordinary 
way. The caller gets his party and then the selector switch is 
knocked down, leaving only the connector on the line. All it 
needs is ringing and a battery supply. The battery supply, 
through one bridge connection in the connector, only, is a little 
less than normal where you get feed both ways, but, on the other 
hand, you don't need quite as much, because you are talking 
through a short circuit. In order to ring past the calling party, 
you have*to tell him to hang up. 

You will observe from the tables I give in my paper, that this 
does not affect the operator's efficiency. The percentage of such 
calls is very small, although we have quite a party line develop
ment in Ashtabula. 

Mr. Foster referred to complaints against the operator. I 
tried at first to eliminate all sounds and all disturbance from the 
calling circuit after the operator had gotten the number, that is, 
to prevent the calling subscriber from hearing any of the actu
ating impulses or ringing, or anything else. We found, however, 
that silence was a bad feature. A man gets the operator, he 
gives her the number, and he has no means after that, if there is 
dead silence, of knowing whether she is doing anything or at
tending to the line, and if, through mischance, he does not get 
his connection, there is complaint. We have now arranged our 
circuits so that a subscriber, after the operator gets the number 
and starts the impulses, hears those impulses faintly, and he can 
also hear the ringing. He also knows that the operator is not 
on the circuit after she has made the connection, and that the 
ringing is automatic, so that if there is any blame, he attaches 
it to the other fellow for not answering. 

Now, with regard to the condition of strained nerves on the 
part of the operator, and that sort of thing, in the paper I have 
taken occasion to show that in this keyboard arrangement by 
confining the operators simply to asking the number, we relieve 
them of a very large part of the^ purely manual strain; that is, 
we take the actual work to be performed off them and put it on 
the machines. The work on our keyboards is very light. The 
touch is more delicate than the touch of a typewriter or adding 
machine. We have made it as light as is consistent with reliable 
operation. So we don't have a condition of strain on the 
operators, and no one operator is any busier than another. 
Their work is very light, and if there is any complaint coming or 
any discourtesy or anything of that sort, the operator does not 
bother with it for one second—she simply pushes two keys, 
this puts the party on to the trouble clerk, or some one else, and 
she is through with it. Our operators are confined to just one 
thing—asking numbers and setting them up ; and to that extent 
they are mechanical; but they have brains, and if there is an 
incoherent number given or any trouble, their brains get busy. 
They don't get any complaints and they don't need them. 
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The question was asked what happens if a cable goes bad or 
some other condition arises that might affect a whole group of 
the apparatus. We have special provision for that the same 
as in the manual or the automatic. We have the same re
sources so that we can switch off a whole group of lines and put 
them on to the wire chief or in the hospital or somewhere else, 
if desired. 

In regard to favoritism on the part of the operators, the 
P. B. X. operators being accessible by means of candy and so on, 
if not properly fixed giving poor service—there is another 
feature in the automanual system which I consider of some 
importance; that is, that the operator does not know who is 
calling. . Reference was made in the discussion of one of the 
papers to the primary and secondary distribution in Mr. Keith's 
system; that is, the automatic electric. I have a primary and 
secondary distribution apart from that of the operators, by which 
practically any trunk in a very large group can be reached, and 
it can be arranged so that any subscriber may reach any opera
tor in the whole exchange. That makes it practically im
possible for any operator to know who is calling, unless she has a 
very remarkable memory and the transmitters are very uniform, 
or the man tells her, and then she is running the risk of the 
supervisors reporting her. That eliminates the question of 
favoritism entirely. 

With regard to foreign subscribers, it happens that we have 
had some experience with them. We have quite a foreign 
population at Ashtabula Harbor, and I don't think we have had 
one complaint from those people as to the operators not under
standing their numbers. This may result from the fact that 
some of the operators in the exchange—not all of them—were 
drawn from the native population. I presume they are ac
customed to the linguistic idiosyncrasies of the people. In the 
case of Swedes, select a Swedish operator for them, the same 
as you have Chinese operators in San Francisco. Before spend
ing forty or fifty thousand dollars extra for apparatus to accommo
date these subscribers, better invest in a little foreign assistance. 

Another question raised relates to possible defective ringing 
in case the calling subscriber does not give the number of his 
party on the line wanted. It is possible to group the lines so 
that all party lines are segregated ; and then if a calling subscriber 
fails to give the letter or number, the operator can ask him. 
She repeats the number back as she sets up the keys, and the 
subscriber would then probably repeat the ringing letter even 
if she did not ask. Where all the lines in an exchange are party 
lines, the question would always be asked. 

As to the methods of compiling our data: I have a photo
graph of the Horograph, so-called, made for automobile timing. 
It is a very interesting machine, and I will be glad to show it 
after the meeting. It is guaranteed to be accurate to one one-
hundredth of a second. All our reports have been based on 
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this and on automatic peg counts. We have an arrangement of 
the relays so our peg count is taken every day and all the time, 
and is absolutely accurate. All the calls are recorded, together 
with the manner and efficiency with which they are handled. 

Mr. Babcock stated that introducing the operator was intro
ducing a weak link. I think that point has been answered by 
some one else, but I am not going to let it pass, because it is, I 
think, an error. The answer is this: If, as Mr. Babcock stated, 
and as we know to be the fact in manual systems as well as 
automatic, a considerable percentage of the troubles reported 
is due to the subscribers calling, then where can the weak link 
come in from introducing a skilled and trained and habitually 
poised operator in the place of the subscriber? I have covered 
that subject pretty fairly in the paper, and I don't think I will 
go any further into it, because I have not the time. 

As regards the private branch exchange, practically every 
line is a private branch line. If you subdivide your system 
they all get the same service, and they all get personal attention, 
and at the same time you can have if you want private branch 
exchange operators. I do not think it is as economical or as 
good practice to divide the group of operators if it can be avoided. 
Nevertheless, special conditions will sometimes arise. I know 
in New York we figured on some parts of the city, for instance, 
in the brokerage district, where the men are too busy to stop for 
anything. They want to make a string of calls each day at a 
certain time, and an operator who can give attention to that is 
absolutely essential. There it pays to put in automatic branch 
exchanges. One operator handling these exchanges ought to do 
the work of about three the way they go now, even with the 
varied calls that would be made on her. 

Finally, as to measured service: I can provide special operators, 
and segregate measured service lines and other different classes 
of traffic so as to bring them in to these operators; but I prefer 
not to, sticking always to the basic principle of confining the 
subscriber's operator to asking the number and setting it up. 
We only need to loop any class of trunks through a monitor's 
desk and the monitor then takes care of the special condition. 
A special operator who can take those things off a regular A 
operator is an economy, because not doing anything else she 
becomes very expert at this irregular duty—almost as expert 
as the A operator herself. In other words, you have an organiza
tion of specialists instead of one person trying to do a dozen 
things. Of course pay-station calls are handled in the same way. 

We have also a system of metering specially applicable to this 
connective system. I refer to the Telechronometer. This is 
not the time or place for me to go fully into that, but I will 
state very briefly that in line with my theories on handling the 
traffic I also have some very definite theories on the subject of 
measuring that traffic. I do not believe, and I never have 
believed that the counting of calls, whether they were charged 
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up as answered or not answered, is fair, either to the subscriber 
or the company. I do not believe, and I do not suppose any 
of you who are in the operating end will disagree with me, that 
a flat rate service is any more fair to the company than it was in 
the days when the lighting companies used to give so many lights 
for so much a month. If a man chose to burn them 24 hours a 
day, of course the company was out. In some cases a flat rate 
promotes increased use of the telephone and an increase in the 
number of subscribers, but this is a temporary resort only. 
The Chesapeake & Potomac Company in Washington, for a 
time followed a policy of inviting people to use the residence 
phones frequently, and even to ask the neighbors in to use them. 
Of course the purpose was obvious, and I think it has been satis
factorily fulfilled. But I prefer to measure the service; and I 
think we do it satisfactorily. It is measured in units called 
telecrons. A telecron is a unit of time-distance, and I firmly 
believe that is the logical way to measure telephone service— 
plus a base charge which should cover the cost of that much of 
the operator's time and depreciation on the apparatus, and so 
on, which is chargeable to the mere answering of the call if the 
called subscriber does not reply. With an apparatus of this 
kind, the effect is that at the end of the month the meter shows 
the total service which has been given during the month in 
telecron units. If a man has talked three minutes over a circuit 
one mile long, he has three units charged against him—I am 
speaking roughly. If he has talked ten minutes over a circuit 
five miles long, he has fifty units against him, and the toll service 
and everything else can be metered so as to show the total 
service. We have an instrument which will give the number of 
calls also if you want to know that. The distance-rate is ad
justed by the operator, who may be the subscriber's operator or a 
special operator, at the time the connection is made, so as to 
correspond with the character and length of the circuits em
ployed. The time element is controlled by an apparatus which is 
running all the time at the central office. 

Mr. Clausen appears to be the only one who questions the 
figures given in my paper. These figures were prepared, and 
all of my generalizations were drawn, with the utmost care. 
The following explanations, numbered to correspond with marked 
paragraphs in the Clausen communication, will substantiate 
this statement. 

1. Mr. Clausen lost sight of the fact that the 280 to 290 hourly 
connections were specified by me as busy hour non-trunked calls. 
He makes the statement that the average exchange throughout 
the country shows a record of 250 calls for the ten busy hours of 
the day. A general statement of this kind without reference 
to the variation in percentage of outgoing trunked calls is unsafe 
to say the least. It may be well to mention that while an oper
ator can handle 290 non-trunked calls, she can only handle 200 
calls where the percentage of trunking is ninety. 
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Mr. Clausen remarks also that operators frequently handle 
400 and in some cases as high as 425 calls per hour at the peak of 
the load. As Mr. Clausen does not specify we must assume 
that they are non-trunked calls. Neither Mr. Boylan nor I 
have ever seen or heard of an " A " manual operator handling 
anywhere near this load. It requires no traffic experience for 
one to pass on this statement as being beyond bounds. Even 
were we to assume that the subscribers were not required to give 
a prefix or affix with numbers on all calls, the number of hourly 
calls mentioned would still be excessive. 

The average calls per operator busy hour in the exchange re
ferred to by Mr. Clausen is 262 and not 288 as stated. The 
number of calls during the busy hour is one eleventh of the total 
daily calls. Mr. Clausen evidently estimated a lower figure than 
this. 

2. This statement is incorrect in four particulars. First, the 
busy-hour load is not 18,200 calls but 16 500 calls; second, the 
16,500 calls do not represent completed connections but from 
this figure must be deducted the " busy " calls, calls for the time, 
etc., which, conservatively, amount to 12 per cent of the busy-
hour calls; third, the average conversational connection is not 
three minute in this case, and inquiry fails to show such an aver
age in any exchange in the country having 7,000 lines or over). 
The average subscribers conversation in the exchange in question 
is 98 seconds; fourth and finally, the average length of conversa
tion during the busy-hour is 25 per cent less than the average 
for 24 hours due to a greater part of the conversation being of a 
business nature. 

The claim we make is that not more than 33^ per cent of the 
cords on a switchboard are in simultaneous use during the peak 
of the load. The exchange referred to has 63 positions with 15 
pairs of cords per position, making a total of 945 pair of cords, 
3 3 | per cent of which would be 315 pair of cords. 

There are 16,500 calls handled during the busy hour. It has 
been stated that 12 per cent of these calls represented busy calls, 
etc., but to be conservative we will cut this figure to 7 per cent 
leaving a total of 15,345 possible completed connections. 

The average cord time is 98 seconds, less 25 per cent during 
busy hour or 73.5 seconds, which figure represents 49 connections 
per cord pair per busy hour, multiplied by 315 pairs of cords 
(33 \ per cent of total) equals 15,435 calls, or 90 more connections 
than are actually handled during the busy hour. 

3. Mr. Clausen raises the point that only 98 calls per " B " 
operator-hour were handled in the west office of The Kansas 
City Home Telephone Company, instead of from 350 to 400 
per hour which he states is the usual practice. Mr. Clausen is 
confusing the calls per " B " operator hours with the call per 
" B " busy hour. 

There are several factors, however, which preclude the handling 
of 350 to 400 calls per " B " busy hour in an office such as that 
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in question, the leading factor being the absence of apparatus 
at the " B " position which should enable the operator to handle 
such a number of calls. It is true the " B " operator could handle 
350 calls if given the '.' manual selective ringing service;" 400 per 
busy hour with " machine ringing," and 500 per hour by utilizing 
" keyless trunks." 

Another factor which determines the number of calls the " B " 
operator can handle is the number of offices connected with her 
order wire circuit. With the particular type of apparatus in use 
at the exchange in question the operator could handle 350 calls 
provided only one office were connected to her call circuit. This 
figure would be reduced to 300 calls when a second office was 
added, 260 when a third office was added, etc. Thus the point 
that only 98 calls per operator hour is answered shows a condition 
not unusual and which will be found in any branch exchange con
nected by order wire to several other exchanges. 

4. In compiling the comparative work units we allowed for 
overlapping operations on the part of the manual operator and 
the illustration given by Mr. Clausen in which he assumes that 
20 calls would land on 5 automanual positions at the same 
instant can be applied to the manual service. We admit that 
under a condition of this kind which however, is very far from 
common, the last subscriber of the 20 would naturally have to 
wait a little longer than the others. This however is true of 
any system. 


